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Abstract 
Floating gate FET (FGFET) gas sensors based on work function readout allow using a wide range of materials to be included as 
sensing materials. Longterm stability of the FGFET signal is influenced by unintended surface conductivity. A novel active 
operation mode presented in this work uses voltage pulses at the suspended gate to increase baseline stability and selectivity. This 
transient readout strategy allows differentiation between capacitive, volume-based effects and surface-located response, yielding 
two physically independent readout signals. Using this readout, the baseline stability as well as the selectivity for e.g. a FGFET-
based humidity sensor can be increased significantly for polymeric and porous isolating sensing layers. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
The readout of gas induced work function changes via hybrid suspended gate field effect devices (HSGFET) is 
accepted as a promising technique for the realization of a versatile, low-cost sensor platform since several years [1]. 
The industrialization of the advanced floating gate FET (FGFET) device [2] is already started by Micronas GmbH 
[3]. The freedom in choice of sensing materials is due to the fact that the hybrid setup enables to use sensing 
materials produced in independent technological steps not compatible to CMOS standards. Numerous sensing layers 
for a variety of gases have been developed creating a signal in the FGFET setup by different physical and chemical 
effects [4]. Commonly HSGFET and FGFET sensors are considered to read out changes in work function as a 
surface effect, which is only valid for conducting or thin sensing layers. In the case of relatively thick (several μm) 
isolating sensing layers, a significant part of the response is due to capacitive effects related to the volume of the 
sensing layer. Regarding surface induced signals, baseline instabilities can be induced by unintended surface 
conductivity within the transducer limiting the accuracy and the longterm stability of the sensor signal. By 
promoting the capacitive components of the sensor signal, surface related drift effects can be suppressed effectively. 
This approach is aimed for in this work by means of the gate-pulsed readout of FGFET sensors. 
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2. Experimental 
Fig. 1 depicts the hybrid FGFET setup, which consists of a CMOS FET structure as readout device and a 
suspended gate including the gas sensitive layer. The floating gate electrode is prolonged forming a capacitive 
element with the suspended gate electrode on the backside of the sensitive layer. The air gap is of the size of a few 
microns to allow gas diffusion into the capacity. As depicted in the equivalent circuit diagram of the an FGFET type 
sensor (fig. 2b), the capacitive coupling of the floating gate is determined by fixed capacities given by the CMOS 
process (Cwell, Cpass) and capacities related to the FGFET setup (Clayer, Cair gap) influenced by the gas atmosphere. 
(a)       (b) 
Fig. 1 (a). : Scheme of the Floating Gate FET (FGFET) [2]. (b) simplified equivalent circuit diagram of the FGFET. Clayer : Capacitance of the gas 
sensitive layer, Cair gap : Capacitance of the air gap,  Cpass : Capacitance of the passivation layer on top of the floating gate. Cwell : Capacitance 
between floating gate and the capacitance well.  
A change in work function on the sensing layer surface corresponds to a change of the voltage over the capacity 
formed by the floating gate and the suspended gate electrode, while variations of the sensitive layer’s dielectric 
properties result in a change of the capacitance value. In order to separate the influence of volume and surface 
effects in the FGFET setup, a transient operation mode is used: A pulsed voltage Ugate with an amplitude of 0.4 V 
and a frequency of 50 mHz is applied to the suspended gate electrode and the resulting FGFET response over time is 
evaluated. Besides the FGFET structure, the CMOS chip includes a temperature sensor and signal amplifiers to 
convert sensor current into voltage output signal [3]. 
Polyamide sensing layers were produced by screen printing from a paste based on an alcoholic solution of 
polyamide. The resulting thickness of the sensing layers is in the range of 15 - 20μm. 
Gas measurements have been carried out with synthetic air at a total air flow of 1 l/min. The humidity level and 
other test gas concentrations have been adjusted by a computer-controlled gas-mixing station. In addition, the actual 
humidity level has been monitored by a dewpoint mirror (Michell Optidew) and a capacitive humidity sensor 
(Sensirion SHT15).  
3. Results and Discussion 
The influence of changing humidity levels on the gate pulse response of a FGFET with polyamide as sensing 
layer is shown in fig. 2a. The change in output voltage caused by the gate voltage pulse at 85 % relative humidity (% 
r.h.) is significantly higher compared to the response at 40 % rel. humidity. This correlates to a better capacitive 
coupling of the gate voltage to the FET and therefore to an increase in gate capacity. This increase can be caused by 
swelling of the polymer sensing layer or by an increase of the dielectric constant of the sensing layer. The step 
response in the FGFET signal caused by a gate pulse s is therefore evaluated as an output parameter sensitive to 
changes in the humidity level:  
s = FGFET signal(Ugate = 0V) - FGFET signal(Ugate = 0.4V) 
Fig. 2b compares the work function fraction of the response represented by the continuous readout, with the 
evaluation of the transient response related to capacitive effects. These two signals show an opposite sign of the 
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response to humidity indicating that surface and volume-related effects can be separated by combination of 
continuous and gate pulsed readout. In addition the gate pulsed readout offers a more defined response to changes in 
the humidity level compared to the continuous signal.  
(a) (b) 
Fig. 2. (a) Transient response of a FGFET sensor to gate voltage pulses at 85% r.h. (straight line) and 40% r.h. (dotted line). (b) Evaluation of the 
gate pulse response at changing humidity levels. As comparison, the continuous readout of the FGFET signal is shown in parallel.
The evaluation of the step response to a pulsed gate voltage in dependency of r.h. was approximated by a double 
rectangular hyperbola function:  
% r.h. = P1*s/(P2 + s) + P3*s/(P4 + s) + P5*s 
where s is the signal step response derived from the gate pulsed readout and P1, P2, P3, P4, P5 are the fitting 
parameters. The response curve of a FGFET sensor in gate pulsed operation and the related approximation is shown 
in fig. 3a. 
The response of a FGFET calibrated as described above exhibits an accurate measurement of relative humidity 
comparable to the reference sensor (fig 3b). 
(a) (b) 
Fig. 3. (a) Response curve of a FGFET sensor to gate voltage pulses at changing humidity levels. (b) comparison of the transient response of a 
calibrated FGFET humidity sensor in gate pulsed operation with a reference r.h. sensor at humidity levels from 10% to 85% r.h..
The comparative room air measurement (fig. 4a) reveals a very good correlation of the FGFET response with a 
commercial reference humidity sensor even 3 weeks after calibration. While for the r.h. response of the gate pulsed 
readout the error is < 2% r.h., the continuous readout of the FGET signal ends up in an error up to 20% in r.h. 
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reading. Besides increased baseline stability the gate pulsed readout eliminates cross sensitivities to numerous gases 
as demonstrated for H2, NH3 and NO2 in fig. 4b.  
(a) (b) 
Fig. 4. (a) Room air measurement with a calibrated FGFET humidity sensor in transient operation compared to continuous readout three weeks 
after calibration. (b) Cross sensitivities of a FGFET humidity sensor to H2, NH3 and NO2 in continuous and gate pulsed readout. 
4. Summary 
The results presented in this work show that the gate pulsed operation of Floating Gate FET (FGFET) sensors 
allows to read out not only work function changes, but also capacitive responses at the same time. Implementing this 
operation mode signal stability and selectivity of a FGFET based humidity sensor are significantly improved 
compared to the continuous readout. Therefore, this approach will also be applied to other FGFET sensors based on 
polymeric or porous sensing layers. Further investigations will aim on the mechanisms responsible for the observed 
changes in the capacitive contribution to the FGFET response. 
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